The complex containing manganese(II), 1,10-phenanthroline (phen) as ligand and trifluoroacetate (TFA) as counter anion has been prepared and characterized. The electrical equivalent conductance, metal content, and TGA-DTA analysis suggests the complex to be [Mn(phen) 3 ](TFA) 2 .1.35H 2 O. The magnetic moment was found to be normal high-spin paramagnetic for 5 unpaired electrons in the electron configuration of manganese(II). The electronic spectral bands indicates the five posible spin-forbidden transitions of sextet ground state to quartet excited states. The IR spectral data signify the mode of vibrations typical for phenanthroline as well as TFA, while the images of SEM-EDX photographs confirm the existence of the coresponding elemental content, they reflect high crystalinity of the complex as evidence of the sharp peaks of the corresponding powdered diffractogram. The analysis of powder XRD refined by Le Bail program was found to be structurally triclinic symmetry of P Ι for the cationic complex with the cell parameters of a = 13.6422Å; b = 18.2792Å; c = 23.8741Åα = 114.4245 0 ;β = 94.8337 0 ; γ = 99.7977 0 ; V = 5261.6714Å 3 , Z = 1; with figure of merit: R p = 1.31; R wp = 2.39; R exp = 0.56; Bragg R-Factor = 0.04; and GOF = 18.00.
INTRODUCTION
Synthesis and characterisation of complexes which were composed of transition metals, phenanthroline (phen) as ligand, and various counter ions, NO 3 -, BF 4 -, ClO 4 -, PF 6 -have been reported long time ago [1] [2] . However, the cell parameters of a single crystal of tris(phenanthroline) manganese(II) cation with any counter anion is, in fact, not easy to confirm, meaning that the preparation of single crystals seem unsuccessful. The chemistry of supramolecular tris(phenanthroline) manganese(II) cation has been reported to associate with I 3 -and I 5 - 3 ] 2+ was isolated, but it was also known together with carbonic acid 5 .
Trifluoroacetic acid, H-TFA, is known a strong acid. The corresponding pKa is about 0.23 compared to a pKa of 4.76 for the acetic acid and thus being about 100,000 times stronger 6 . It is associated with the strongest electronegativity of fluorine atoms which leads to the electronwithdrawing character of the trifluoromethyl group. This results in weakening the oxygen-hydrogen bond and therefore stabilising the conjugate base of anion. Thus, it might be considered in the same group of strong acids with pKa less than one, such as hydroiodic, hydrobromic, hydrochloric, perchloric, chloric, nitric and (mono)sulfuric acids 7 .
For these reasons, the TFA would be possible to be a counter anionic role in cationic complex synthesis. However, the 3d cationic transition complex of TFA has not been much observed, and it seems the only cationic mercuracycle was reported 8 . In fact the monodentate coordinated TFA to gold (I) 9 and to cobalt(II) 10 in a polymer complexes were observed. Complex of diisopropylammonium triûuoroacetate has also been synthesized and found to be monodentate coordinated TFA with hydrogen bonding of N-H···O 11 . With transition metals, Ru, Os, and Ir, hydrogen bonding of TFA were produced 12 . With the monodentate ligand of pyridine (py), some molecular complexes of M(Py)(CF 3 CO 2 ) where M=Co(II), Ni(II), and Cu(II), were isolated, indicating the coordinated TFA as a ligand rather than counter anion 13 .
The previous works clearly involved monodentate organic ligands, and it is readily understood that the TFA might prefer to coordinate as anionic ligand also. Thus, by involving relatively strong coordinated bidentate ligand such as 1,10-phenanthroline, the tendency of TFA to be mono/bi-dentate anionic ligand might be reduced and a cationic complex should result.
Thus the synthesis of manganese(II) complex of phenantroline and TFA anion should be useful in understanding the ionic-molecular characteristic of the complex. The powder-XRD of the complex may be refined following Rietica method and this should lead to the structural lattice parameters, being comparable to some known single crystal structures as for example described by Polyanskaya et al., 14 and Wang 15 , and it is the main idea of this work. In the last two complexes the corresponding magnetic moment and electronic spectral data have not been reported yet.
EXPERIMENTAL

Materials
The 
Preparation of Tris(phenantroline)manganese(II) Trifluoroacetate
The mixture of about 5 mL solution of 0.32 mol phenanthroline in water with three drops of ethanol to clearly dissolve and about 10 mL of an aqueous solution of 0.1 mol Mn(NO 3 ) 2 was warmed while well stiring to obtain a homogeneous solution. A saturated aqueous solution of CF 3 COONa (0.4 mol in 5 mL) which was stoichiometrically in excess was added to the mixture. It was then concentrated on heating, and the powdered complex which was precipitated on scratching while cooling was filtered, washed with a minimum of cold water, and then let the precipitate dry in exposure.
Physical Characterization
Magnetism. The magnetic moment of the complex was calculated through the measurement of the susceptibility for powdered samples which were obtained on magnetic susceptibility balance of Auto Sherwood Scientific 240V-AC model. This was calibrated with CuSO 4 .5H 2 O. The corrected diamagnetism using Pascal's constant 16 was applied to the molar magnetic susceptibility data on the calculation of effective magnetic moment (μ eff ) following the formula, μ eff = 2.828 √(X M .T) BM.
IR and UV-Vis Spectra. The IR spectrum of the sample which was set on the cell with potassium bromide pellets was recorded on a FTIR Spectrophotometer ABB MB3000 at 500 -4000 cm -1 . UV-Vis spectrum of the powdered complex was recorded on a spectrophotometer of Pharmaspec UV 1700. The powders were spread on a thin glass adhered with ethanol. It was then put in the cell holder and the spectrum was recorded at 200-1000 nm. The spectrophotometer UV-V is Shimadzu 2400 PC Series was applied for recording the spectrum of complex in solution. X-Ray Powder Diffraction. The X-ray diffractogram of the powdered complex was collected using a Rigaku Miniflex 600 40 kW 15 mA Benchtop Diffractometer, with CuKα: λ=1.5406 Å. The powdered complex was spread on the glass plate which was then set on the cell holder. The data of reflection were collected in a scan mode with interval of 0.04 steps per 4 seconds within 2 h at 2-90 degree of 2θ. The X-Ray diffractogram then was refined according to Rietica program of Le Bail method at the range 5-60 degree of 2θ which was run within 75 cycles.
SEM-EDX (Scanning Electron Microscopy
with Energy Dispersive X-Ray). The SEM images of the complex were recorded in JEOL JED-2300 model to confirm the crystalinity as well as the content of the main elements.
RESULTS AND DISCUSSION
Conductance, AAS, TGA-DTA and Chemical Formula
Direct interactions of manganese(II) nitrate and the phenanthroline in solution resulted in a light yellow-greenish solution of cationic complex which precipitated on the addition of excessive TFA salt. The equivalent electrical conductance of this complex was estimated on the basis of known simple compounds, and the results of measurement are listed in Table 1 . It was found that the conductance value for the complex is in the range of those for ionic compounds of three ions per molecule, and hence the empirical formula of [Mn(phen) n ](CF 3 COO) 2 .xH 2 O is then proposed for this complex, indicating a typical uncoordinated anion of TFA. The metal content observed in the atomic absorption spectral data (6.9% in mass) followed by TGA data should estimate the coordination number (n) and the number of hydrates (x) of the empirical formula. As shown in Fig. 1 , the mass loss of 2.856% in the first stage at 80-90 0 C is believed due to the loss of 1.35H 2 O (ca. 2.873%). While the loss of mass in the second-third-forth stages are complicated to identify, the residual mass of 18.624% at 300-500 0 C seems to be due to α-Mn 2 O 3 (ca. 18.664%) 17 , leading to Mn content of 6.96% (ca. 6.50%). Theoretically, the mass loss of TFA and phen are 25.444 and 60.857 %, respectively, while total loss in the second-forth stages (150-400 0 C) is only about 78.52 %. The only thing we can say is that during the loss of TFA, the oxygen atom might react with metal to form final product of Mn 2 O 3 .
Thus in summary, the percentage of each entity in the powdered complex as shown in Table 2 
Magnetic Moment
The effective magnetic moments of the complex calculated from molar magnetic susceptibility data which were collected on measurement for the three separated preparation were found to be 5.81, 5.89, and 5.92 BM at 291K, being normal paramagnet. These reflect to the spin-only value (μ s ) which corresponds to five unpaired electrons in the electron configuration of Mn(II). It is normal values in an octahedral environment as observed by some literatues to be 5.89-6.16 BM for various different ligands [18] [19] [20] [21] . Much lower in magnetism, however, have been reported to the molecular complex of [Mn(Val) 2 (phen)] 22 , the magnetic moment being only 5.12 BM.
Electronic Spectrum
The UV-Vis. spectrum of the powder complex as depicted in Fig. 2 , demonstrates clearly three absorption bands (ν 3 , ν 4 , and ν 5 ) at high range of energy, 28000-40000 cm -1 . Another lower shoulder at 24000-26000 cm -1 (ν 2 )and another bump at 17000 cm -1 (ν 1 ) might establish the possible electronic transitions following Tanabe-Sugano diagram for MnF 2 and comparably observed by other literatures [18] [19] 23 . ) are then proposed to occure at 17000 cm -1 (ν 1 ), 24000-25000 cm -1 (ν 2 ), 28000 cm -1 (ν 3 ), 35500 cm -1 (ν 4 ), and at 39500 cm -1 (ν 5 ), respectively.
Infrared Spectrum
IR spectrum of this complex was collected at the range of 500-4000 cm -1 (Fig. 3) . By overlaying the corresponding spectrum of TFA anion, the main purpose to assign the typical vibration bands of phenanthroline (red) might come straight forward. The broad band at about 3418 and 3433 cm -1 might be due to -OH stretching of H 2 O molecules as indicated by the formula proposed, and also observed by Shad et al., 24 at about 3441 cm -1 , though Kumar et al., 25 assigned C-C aromatic at 3430 cm -1 . Another band at 3059 and 2341-2361 cm -1 should be due to stretching vibration of C-H bonds of phenanthroline which were reported by Chen et al., 26 at 3064 cm -1 , and Tosonian et al., 27 at 3051-3068 cm -1 . suggests that the refinement of the model fitting to the experimental data is almost perfect. The detailed cell parameters of the structure are recorded in Table 3 together with similar data for some known single crystals of the same cations. Therefore, this complex synthesized in this work might be considered as triclinic symmetry of PΙ. The corresponding energy dispersive Xray (EDX) analysis resulted from the selected surface as shown in Fig. 6 (a) strongly demonstrates the existence of all elements (Fig. 6(b) ) except the hydrogen atom, and therefore, the percentage ratio of the number of atoms, being Mn: 1(2%), C:25.7(51.43%), N:12.7(25.56%), O: 6.6(13.34%), and F: 3.8(7.67%) clearly does not reflect the accurate quantitative stoichiometry. The IR spectral properties signify the mode of vibrations characteristic for phenanthroline and TFA groups. The SEM images show high crystalinity of the powder which is also reflected by its sharp peaks of the diffractogram. Following Rietica method of Le Bail program the diffractogram was analysed to have triclinic symmetry of PΙ space group.
SEM-EDX
